Sea-level rise and science to understand regional impacts in south Florida by Troxler-Gann, Tiffany
FIU GIS DAY,
NOVEMBER 6, 2015
CO2
Ocean Heat
Sea Level Change
Climate Change Facts, 
regional implications
• Greenhouse gases are high and rising
• Oceans are warming and acidifying
• Sea levels are rising
Scientific Consensus
South
Unified Southeast Florida Sea Level Rise 
Projection for Regional Planning Purposes
South Florida projections for SLR
Compact 2015
South Florida is very vulnerable to SLR
Sea level rise will interact with changes 
in precipitation and temperature
South Florida
Temperature
Projections
South Florida 
Rainfall 
Projections
IPCC Climate Change 
Scenario Descriptions:
Most Pessimistic  
Assumes a “business as usual” 
attitude, or little to no response to 
adverse climate change affects.
Most Optimistic
Assumes  a concerted, global effort 
to mitigate human impacts.  
Source:  SFWMD, 2012
Sea level rise can be experienced 
through storms
IPCC Projections:
• Storm intensity expected to increase 
• More extremes in wet/dry, hot/cold (very likely)
= Unpredictable water supply
Hurricane Wilma ‐ October 24, 2005
• Swamped Everglades & flooded Miami
Alton Rd between 8th and 10th streets has been flooding every year for the past 
7 years at least.
“sunny day” flooding in Miami
Tidal Flooding today, 
in 2030 and in 2045
Southeast Florida will 
advance from 
<10 events today 
to 
240 events in 2045
Miami, 
FL
Source: UCS, Encroaching Tides
240 events 
in 2045
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South Florida Topography
Keqi Zhang
Inundation Caused by Sea Level Rise
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County Sea 
Level 
(m)
Area 
(km2)
Pop Prop ($m)
Palm Beach 0.5 31 911 526
Broward 12 4,634 645
Dade 1,287 6,734 1,950
Palm Beach 1.0 39 7,452 4,318
Broward 31 25,734 10,008
Dade 1,670 79,459 20,968
Palm Beach 1.5 77 39,950 19,747
Broward 173 148,059 41,403
Dade 2,955 323,492 68,235
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Land Area Hypsometric Curves for Elevation 
Palm Beach Broward Miami-Dade 
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Everglades is also very vulnerable to 
climate change, sea level rise
Pre-Drainage Post-Drainage
McVoy et 
al. 2011
FW
FW
SW
Key West Sea Level
SLR
+2 Feet 
SL vulnerability due to:
• Greatly reduced freshwater 
discharge
• Porous, shallow limestone 
aquifer susceptible to intrusion
• Thin peat soils caused by 
evaporation and drainage
• Long exposed coastline, low & 
flat topography
• Lost natural water storage 
(small changes in rain triggers 
floods or droughts)
Courtesy Hal Wanless
Saltwater Intrusion into Everglades wetlands
Groundwater salinity keeps rising
Saha, et al (2011)
Mangroves are quickly encroaching into 
freshwater marsh
Dead cypress and encroaching mangroves in 
southern Shark River Slough
Photo: Jimi Sadle, ENP
Photo: ENP
Sawgrass production is 
declining as they are 
exposed to salt water
White zone of low productivity is 
expanding
Boundary 
1940
Boundary 
2000
Ross et al. 2000
Gaiser et al. 2006
White zone  
is shifting to 
the interior 
at a rate of 
about 10 km 
per 50 years.
Peat Collapse
East Cape
Middle Cape
Flamingo
Cape Sable: case study
H2H Graphics & Davis
How will sea level rise and 
saltwater intrusion affect the 
C balance of Everglades peat soils?
Temperature & pH
TEA availability
Substrate quality
Soil fertility
Decomposer community
Plant stressors
Disturbance
Hydrology
SOIL C BALANCE
The effects of projected sea‐level rise on 
Everglades coastal peat marsh ecosystems
Objectives:
1) Investigate the potential for and mechanisms of peat collapse in 
coastal freshwater and brackish marsh ecosystems of the southern 
coastal Everglades using integrated mesocosm and field manipulations 
2) Develop actionable information and best management practices for 
water management and conservation of coastal south Florida
OUTDOOR MESOCOSMS     
FIELD EXPERIMENTS IN FRESHWATER & 
BRACKISH SITES
Everglades & urban water supply
25
The water flowing into the Everglades 
recharges the Biscayne Aquifer
The Biscayne Aquifer 
supplies 90% of the 
south Florida’s 
drinking water -- more 
than 8 billion gallons 
of water each day. 
Water from Lake Okeechobee, the Water 
Conservation Areas (WCAs) and the C&SF 
Canals recharge the Biscayne Aquifer 
SFWMD
Limestone
This Biscayne Aquifer 
provides over 90% of 
the drinking water of 
south Florida.
Since 1985, there has 
been a decline in the 
available freshwater
resources of 12–17% 
in the Biscayne 
Aquifer.
Multiple utilities are 
at risk.
A threatened water supply
Blanco et al. 
Applied 
Geochemistry 
38, 48-58. 2013.
SLR + population growth = 
a threatened urban water supply
In 2010 
Population = 5.6 million
Water demand = 1.8 billion gal./day
By 2030 
Population = 6.6 million
Water demand = 2.1 billion gal./day
Courtesy: Eric Swain, USGS
Urban groundwater salinity rising with SLR
Adaptations to Climate Change and 
Sea Level Rise
Historic Flow Current Flow Restored Flow
Arrows show dry season seawater INFLUX  into the 
Everglades creeks and groundwater (not to scale)
2 Foot SLR 
No Flow Restoration
Sea level rise with freshwater restoration
2 Foot SLR 
+ Flow Restoration
CISREP 2014
Coastal wetlands: Unique habitats that can deliver 
valuable services to urban environment
Mangroves: why are they important?
Ecosystem Services
Mangroves and soils buffer storm surge
Mangroves and soils increase drag on water motion, 
absorb wave action and hold sediment in place
Carbon storage in mangrove forests
Great fish habitat makes for great recreational & 
tourism opportunities
Tourism, Commercial and Recreational Fishing 
Industries Depend on the Everglades & Our Natural 
Resources
• 5.5 million people, in 2008, 
engaged in Everglades 
recreational activities
• $935 million in Direct Spending
• $912 million in Indirect 
Spending
• 417,868 Recreational fishing 
licenses were issued in the 
Everglades watershed.
(Source: US Census Bureau for US Fish and Wildlife Service, 
FY 2006)
• $5 billion commercial & 
recreational fishing industry.
“Blue” Carbon Monitoring System
Federal
USGS Brian Bergamaschi
Kristin Byrd
Judith Drexler
Kevin Kroeger
John Takekawa
Isa Woo
Postdoc:Meagan Gonneea
NOAA-NERR Matt Ferner
Smithsonian Pat Megonigal
Don Weller
Lisa Schile
Postdoc:James Holmquist
NASA-JPL Marc Simard
Non Federal
U. South Carolina Jim Morris
U. Maryland/NOAA Ariana Sutton-Grier
U. San Francisco John Callaway
Florida Intl. U. Tiffany Troxler
Texas A&M U. Rusty Feagin
Independent Stephen Crooks
Linking soil and satellite data to reduce uncertainty in coastal wetland carbon 
burial: a policy-relevant, cross-disciplinary, national-scale approach
Lisamarie Windham-Myers              (18 Science PIs; October 2014-17)



MISSION
The SLSC will conduct, 
facilitate, and synthesize 
research and education to 
advance understanding of 
sea-level rise and its impacts 
on the well-being of both 
human and natural systems, 
and to connect this 
knowledge into actions for 
the benefit of society. 
• The SLSC will serve as a center for ‘thought leadership’ to 
communicate the understanding of the challenge of rising sea 
level to local, regional, national and international stakeholders at 
all levels by…
MISSION
• synthesizing the most up-to-date and accurate data 
associated with modeling and predictions of sea level rise 
risks
• providing information, expertise and a forum to assess 
impacts on the physical, health, economic, social, and 
ecological infrastructure, and develop solutions for 
mitigating these impacts
• actuating ‘knowledge to action’ by facilitating and leading 
adaptation and mitigation planning and assessment 
strategies
• developing global public communication and information 
dissemination outlets for issues related to sea level rise
• using Miami and South Florida as the world’s test case for 
adaptation to sea level rise 
FIVE YEAR PLAN
• Develop a tool chest for cities to address sea level rise
• Create cutting-edge science & education resources
• Become the go-to-hub for SLR media
• Impact policies through briefings
• Expand knowledge of leaders for effective actions 
• Develop & share practical methods for preparing for climate change
Downscaling sea level rise 
scenarios
Predicting urban flooding
Measuring impacts of flood 
mitigation on water quality
Sea level rise risks
to the Everglades
Designing a resilient city Communicating sea level impacts
slsc.fiu.edu slsc@fiu.edu
 Mitigation: Mitigate the CAUSES of climate change.
Anthropogenic intervention to reduce the sources or 
enhance the sinks of greenhouse gases.
 Adaptation: Mitigate the EFFECTS of climate change. 
Adjustment in natural or human systems to a new or 
changing environment.  
Types of solutions
51
WE HAVE ENERGY CHOICES
52
CRISIS IS OPPORTUNITY
Los Angeles 
Green Roof Initiative
Palm Springs
White Roof  Initiative
Historic Flow Current Flow Future Flow
Arrows show dry season seawater INFLUX  into the Everglades creeks 
and groundwater (not to scale) – more freshwater will buy time
A range of possibilities

56
NEW INNOVATIONS CREATE NEW JOBS
System-oriented innovations that 
support local and national actions
Problems: Climate 
change and nutrient 
pollution 
Goal: Reduce GH 
gases emissions &
local nutrient pollution
Example – local student 
projects to address global 
issues – composting!
System-oriented analysis 
of costs & benefits:
1. Fertilizer & waste 
management costs
2. Fertilizer & waste 
GHG emissions
Solutions & 
unanticipated benefits: 
1. New revenue stream 
for investments in long-
term sustainability
Project idea and analysis: 
Marbelys Garriga & Ivanna Picon
What’s your idea??!
Make your innovation a 
solution
Thanks to friends and colleagues who have fostered discussion, shared 
ideas & advanced the science
